Abstract. The theoretical and experimental research performed recently in the Structural
The investigation essentially covers the test results of 1/1 scale 13 specimens with different cross sections and longitudinal reinforcement ratios. Nine of them were tested again after having applied different types rehabilitation referring to the corresponding displacement protocols.

The presented part of the research covers the test results of virgin specimens, displacement ductilities obtained, overstrength factors and hence earthquake load reduction factors. An attempt to find out the most probable displacement demands of precast individual square columns has been presented as well in order to set up a more reliable design philosophy based on dynamic displacement considerations.
The purpose is to find ways of overcoming the selection of initial stiffness and displacement ductility. In order to does that, 12 groups of earthquake records cover the cases of far field, near field, firm soil, soft soil possibilities for 2/50, 10/50 and 50/50 earthquakes with minimum scale factors. The selection has been done by using two different approaches which suggest modifying the frequency content of the record or not.
INTRODUCTION
Single story precast frame type structures are widely used in the construction of industrial facilities and commercial malls in Turkey. This building type consists of cantilever columns connected by simply supported precast and/or pre-stressed beams. Connection of the nonmoment resisting beams to the columns is achieved on site. The lateral strength and stiffness of the structure depend entirely on the cantilevered columns as shown in Figure 1a and 1b, respectively. After August 1999 Kocaeli and November 1999 Düzce Earthquakes, site investigations revealed that structural damage and collapse of one-story precast structures were common Saatcioglu et al. (2001) [1] , Ataköy (1999) [2] , Sezen et al. (2000) [3] , Bruneau (2002) [4] , Sezen and Whittaker (2006) [5] . Various types of structural damage were frequently observed in one-story precast structures, such as flexural hinges at the base of the columns, axial movement of the roof girders that led to pounding against the supporting columns or falling of the roof girders, Figure 2 , Wood (2003) [6] . The post-earthquake observations of one-story precast frame type structures indicate also that In addition to the observations listed above it is also known that, structural alterations done after construction, the effects of nonstructural elements used unconsciously, oversimplified details of connections can be counted among the other important deficiencies of these buildings.
At the design stage of that type of buildings, the seismic weight coming from the tributary area of columns are determined easily for predicting the earthquake loads. However the Lateral Displacement Ductility Ratio which is the main parameter of Lateral Load Reduction Factor has to be selected at the beginning of design which is not an easy estimation and has its own uncertainties. Another difficulty is to estimate the lateral rigidity of column which is going to be used to calculate the fundamental period of vibration to go to the spectrum curves. Finally the proposed displacement limits based on static considerations are no longer satisfying the requirements of dynamic displacement calculations.
The following three general critics to the design procedures adopted, should be properly satisfied at the end:
i-What should be the initial stiffness of the structure on which the fundamental period will be based? ii-What should be the displacement ductility factor or lateral load reduction factor on which the design forces will be based?
iii-To what extent is valid the story drifts calculation based on static considerations?
Those are the factors to be discussed experimentally and theoretically in these set of papers, Karadogan [7] , Karadogan et al. [8] .
EXPERIMENTAL STUDY
Full scale 13 virgin reinforced concrete column specimens have been fabricated and tested in the Structural and Earthquake Engineering Laboratory of Istanbul Technical University, Karadogan et al. (2006) , [9] . Square columns containing 1~2.4% of longitudinal reinforcement were 30×30 ~ 40×40 cm in cross section. The columns had a height of 4.0 m measured from the top of the precast socket foundation. The typical column elevation and cross section are shown in Figure 3 . The column-socket foundation connection surfaces were smooth for ten specimens, whereas the other connections were roughened as shown in Figure 4 .
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Roughened Surface Figure 4 : Geometry of the socket foundation.
The typical cross section consists of 8 vertical rebars with one hoop and 2 ties. Transverse reinforcements were selected as 8/10 in the confinement zone which is the lower 1.60 m of the columns, and as 8/15 or 8/20 in the remaining part of the columns. The concrete and the rebar quality were C45 and S420, respectively. Detailed information about each column is presented in Table 1 . Specimens S30_14 and S30_14M are identical columns except for the loading pattern used in the tests. The testing setup utilized during the whole course of this research program is given in Figure 5 . It consists of one 250 kN loading capacity displacement controlled electro-hydraulic actuator, a hydraulic jack and load cell connected to a specially developed convex adaptor on top for having more or less conservative constant axial load acting on the specimens. All specimens have been tied down on the testing bed by post-tensioned high strength bolts.
All specimens have been instrumented so that the lateral displacements along the height of columns in addition to the top displacement and the relative vertical displacements shown in,
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Column Grout Figure 5 , were measured and recorded to obtain the possible relative rotations between the selected sections around the critical zones. All the necessary additional measurements have been done in order to relay on the readings. It has been observed that the slippage of the specimens and the rotation of foundations were at the negligible order in every stage of the experiments. Strain gauges were mounted on some of the rebars in the critical zones. The specimens were subjected to constant vertical load which is equivalent to 5% of the column axial load carrying capacity and cyclic lateral displacement reversals repeated three times for each displacement threshold. The displacement protocol used in general is given in Figure 6a . In addition to that a different displacement protocol developed and used hopefully has better simulations of the earthquake characteristics recorded around Izmit Bay area, Figure 6b . For that purpose the records of Kocaeli 1999 Earthquake obtained from the four different stations normalized to the biggest PGA which was 0.379g and used in the nonlinear time history analyses of 30×30, 35×35, 40×40 cm square columns. The envelope of the response was normalized once again according the expected ductility ratio 4 and then was smoothed. The displacement protocol achieved at the end is presented in Figure 6e and used for two full scale specimens namely S35_20Z and S40_2020Z. It should be noted that the last one is not a symmetric one and at the end of the tests two or three big cycles have been added to see the final behavior of the specimens. 
Load Displacement Relations
Each column was tested till considerable crushing of concrete and buckling of longitudinal bars were observed at the maximum moment region of the cantilever. No significant damage was observed in the socket foundation and column-socket interface.
The columns developed flexural cracks at the bottom edge after cycling to 0.2% drift. Yielding of the longitudinal reinforcement was observed around 1.4% drift and the corresponding width of the flexural cracks was about 0.5 mm. Cycling to 2% drift caused widening of these flexural cracks to more than 0.7 mm. Crushing of the concrete of all the columns was observed at 4% drift. Buckling of the longitudinal bars was observed nearby 6.25% drift, Fig The performance of each specimen is presented in terms of the lateral load-top displacement curves shown in Figure 8 . The columns displayed stable hysteretic behavior for the whole course of the tests. The most distinct difference in the behavior observed is the strength capacity of the columns which arose from variation in the longitudinal reinforcement ratio. 
Envelopes of Load Displacement Relations
It is generated the envelopes of the lateral load top displacement hysteresis of the columns. The points corresponding to the cracking, yielding, ultimate strength, and buckling events are exposed on the envelopes, Figure 9 . The idealization of the envelopes in the bi-linear form which is established by means of the energy equivalence is accomplished and given away on the same diagrams. 
Evaluation of the Test Results
The achieved test results are summarized in Table 2 . The displacements and forces corresponding to the cracking (C), yielding (Y), ultimate strength (U), 10% strength decaying (S), and longitudinal rebars buckling (B) are offered for each specimen. The ratio of effective flexural stiffness to the gross flexural stiffness is calculated and given as =EI e /EI g in the table. An average value of 0.78 is obtained which is almost double of the code suggested value. The critical points, 1 to 4, of the bi-linear idealized form, four alternative ductility ratios ( i / j ) and one strength ratio () which is the proportion of bi-linearized strength to the ultimate strength are also given in Table 2 .
Typical behavior of a structure or structural member having energy dissipating capability, subjected to cyclic loading is schematically illustrated in Figure 10 . The energy dissipated in the structure is given by the area E H enclosed in the hysteresis loop. Equivalent damping ratio is defined according to Chopra [10] in terms of dissipated energy (E H ) and strain energy (E S0 ). The equivalent damping ratio ζ eq is given by Eq.1. Variation of the equivalent damping respect to the top displacement of the columns is illustrated in Figure 11 . In the undamaged part of the tests the equivalent damping ratio is smaller than 5%. 
ANALYTICAL STUDY AND OVER-STRENGTH FACTORS
Seismostruct [11] which is a finite element package capable of predicting the large displacement behavior of space frames under static or dynamic loading taking into account both geometric and material nonlinearities, is adopted in modeling process and also in static and dynamic analysis of the columns.
The column is modeled with an inelastic fiber frame element that exists in Seismostruct. This element features a distributed inelasticity forced-based formulation but concentrates such inelasticity within a fixed length of element. The formation of plastic deformations is expected within the critical regions of the columns through column bases.
The core and the cover concrete behavior are modeled via nonlinear concrete model. This is a uniaxial nonlinear constant confinement model. The behavior of the longitudinal reinforcement is modeled by Menegotto-Pinto model which is a uniaxial steel model based on a simple stress-strain relationship coupled with the isotropic hardening rules.
As a specific example; for the column having 400×400 mm cross section with 1.6% longitudinal reinforcement ratio has been studied. Two sorts of analyses have been performed. They are i. the nonlinear static analysis in which the reversal test displacement pattern has been used, ii. pushover analyses with two diverse material coefficient sets.
The parameters of the material behavior models are as follows: For unconfined concrete, compressive strength is 45.9 MPa, strains at the peak stress and the crushing are 0.002 and 0.004, respectively. For confined concrete, compressive strength is 52.8 MPa, strains at the peak stress and the crushing are 0.0035 and 0.008, respectively. For steel, the yield stress is f y =540 MPa, the maximum stress is f u =616 MPa, the hardening and the ultimate strains are ε sh =0.0135 and ε u =0.25, respectively.
The column height is 4 m and the lower 1.6 m part is defined as confined zone. The axial load top of the column is 373 kN which includes one half of the column's own weight. The geometric-nonlinearity is considered in the analyses.
The result of the nonlinear static analysis for the reversal test displacement pattern is presented together with the experimental result. The broken and solid lines represent experimental and analytical results respectively. It seems good correlation between them, Figure 12a . Two pushover curves are presented in Figure 12b Material coefficients used for concrete and reinforcement for precast members are respectively 1.40 and 1.15 according to the current Turkish codes. It is known that the design based defined these coefficients provide a kind of reserve strength margin over the targeted strength of the columns to be subjected to earthquakes. Since the individual contributions of these two different materials with two different coefficients can not be estimated, same displacement reversals used in the tests summarized above, have been theoretically applied to the columns with material coefficients  c =1.4 for concrete and  s =1.15 for steel. Deformation characteristics of the materials are kept same for two different set of nonlinear analyses. The ultimate strengths obtained from these analyses are given in the first two rows of Table 3 .
The existing over strength due to load coefficients 1.4 and 1.6 of the G dead and Q live loads respectively, were assumed that they will compensate more or less the additional strength demand for earthquake affects in the load combination of 1.0 G + 1.0 Q + 1.0 E.
Over-strength factors, OSF, for all the tested columns have been determined as the ratio of P u(=1) /P u( ≠1) which correspond to the ultimate loads calculated by material coefficients equal to unity or not, respectively. The OSF is given in Table 3 together with the displacement ductility ratios achieved in the tests and the possible lateral load reduction factors calculated. The displacement ductility , referred in the fourth line of the table corresponds to ( U   ratio given in Table 2 It has to be kept in mind that because of the excessive plastic deformations accumulated around the critical regions of column, the stability load of the column will decrease and the safety margin against buckling load will drop down. This may cause early collapse of column or columns may experience a very large unacceptable lateral displacement which is strongly related to the earthquake records selected to check the design completed according the code defined target spectrums.
SELECTION OF EARTHQUAKE RECORDS
Two different techniques have been used to select the proper records for nonlinear time increment analyses. Seismomatch [12] software has been utilized first for having fully code compatible records with minimal discrepencies. As a other way of earthquake selection, the records which are naturally get closer to the target spectrum in three levels, have been modified sligtly to stay around the acceleration spectrums in a selected period region only. For that purpose the soil for which the shear wave velocity is bigger than 300 m/sec and the soil for which the shear wave velocity is lower than 700 m/sec have been considered as two different group of soils and they have been designated as firm soil and soft soil respectively. This should not be considered as a limitation to the earthquake selection process. Because more refined classification for soil types are always possible.
First Approach: Fully Compatible Records
Seven near fault and seven far fault type ground motions are considered in this approach. The accelerograms were selected from the PEER NGA database [13] . The main properties of the ground motions are listed in Table 4 .
The acceleration response spectra of the original accelerograms and the arithmetic mean of these accelerograms for 5% damping are given in Figure 13 . The response spectrum for the 2 nd earthquake zone and the ground soil type Z3 which is defined in Turkish Earthquake Code [14] is also illustrated in Figure 13 . Seismomatch [12] software was used to obtain spectrum compatible acceleration records. Table 4 : Two set of accelerograms.
Original Records Modified Records Figure 13 : Response spectra for near and far fault type ground motions.
Second Approach: Partially Compatible Records
A simple engineering approach is being proposed herein to adopt real earthquake records for nonlinear time increment analyses of the columns designed according to a valid code, for design checking process.
The record selection has been done by using the PEER NGA database [13] where 7025 recorded motions were available. An in-house developed software was used to list and download the record automatically and plot the spectra for acceleration at 5% damping, velocity and displacement. The spectra have been saved into a file so that every time a filter is applied, spectra are not re-calculated. Twelve bins of records, [15] , are created where:
1. Earthquake intensity (2/50, 10/50 or 50/50 earthquakes, 3 bins) 2. Far field or near field issue (2 bins) 3. Soil type (firm soil and soft soil, 2 bins) parameters are checked. Each of these 12 bins have 20 records,
The selected region of the acceleration spectrum curves is a structure oriented decission which is based on the expected displacement ductility proposed at the very beginning of the design. Free standing peripheral columns of a single story precast building may or may not be connected to each other by rigid connection of beams or claddings. Any one of these connections make the structure relatively rigid in comparision to the free standing column. Because of the plastic deformations of the columns and/or connections, on the other hand, structure becomes more flexible with longer fundamental period. It may not be so difficult to define two extreme periods wherein between compatibility will be enforced to the records by scaling them. For this research program the realistic two boundaries have been specified as 0.2 and 2.0 seconds.The upper one corresponds more or less to displacement ductility 4. The lower one is sligthly above the frames rigitly connected to cladding panels. Most of the buildings which are dealt with are generally simple structures with structural behavior essentially similar to first vibration mode of predominat period.
In terms of the selection algorithm, first the acceleration spectrum of the original record is compared to that of the target, in the period window of 0.2 to 2.0sec. The scale factor needed to equate the area below the spectrum of the original record to the area below the target spectrum. The scale factor is applied to the ordinates, so only to the acceleration of the original record. Then the near field vs. far field comparison is made where the distances above 15km are assumed as far field. Finally a comparison is made in terms of the soil type where the records taken on soil with Vs30 higher than 300m/sec are assumed to be recorded on firm soil while records taken on soils with Vs30 lower than 700m/sec are assumed to be recorded on soft soil. There is certainly an overlap in the soil criteria; this is nevertheless unavoidable if one checks the firm and soft soil borders in the guidelines and codes.
The criteria applied have resulted the number of available records, but it should be mentioned that some each bin does not return the same number of available records. For instance, records which are recorded on soft soil and farm field consist of more than 60% of the record pool, thus the rest is shared between three different groups which are far fieldfirm soil, near field -soft soil, and near field -firm soil. Thus fitting the criteria in far fieldsoft soil is much easier as compared to setting criteria in the other bins.
The scale factors are set such that average of 20 records does not go below the target spectrum in certain percentages and most of the cases the average spectrum is not allowed to go below the target spectrum at all. Similarly, the average spectrum is not allowed to go above 30% of the target spectrum in any point within the period window. In order to control the difference of the positive and negative peaks, where positive peaks refer to the peaks above the target spectrum and vice versa, another criterion is also applied to check the indiindividual records. According to this, the individual record is not allowed to go below the target spectrum less than 50%, or above more than 200-300% in any of the peaks. This criterion dictates to select rather smooth records with less peaks, however it is a very harsh criterion to be satisfied. The scale factors in overall are not allowed to be below 0.5 and above 2 in any of the selected records so that the energy content can be controlled.
Two more criteria have been applied to control the energy content, one is the PGV and the other is the Arias Intensity. The purpose of the inclusion of these two criteria is to decrease the scatter, i.e. record-to-record variability of the selected records. In order to do so, a record that fits the target spectrum with the least error has been assigned as the best record, and the selected records are not allowed to have PGV or Arias Intensity values above or below certain ratios as compared to those obtained from the best record. The limits for these criteria had be set so high in some of the bins that they were practically not much effective because the number of available records was already low even without these criteria. Generally, the selected records are not allowed to have PGV and Arias ıntensity values, after scale factors are applied, above 1/0.6 -1/0.7 and below 0.6-0.7 of that of the best record.
An alternative record selection approach has also been applied in order to see if the application of linear scale factors could be justified. In this approach, all spectra of the relevant bin, i.e. 10/50 earthquake -soft soil -near field etc., have been plotted over the target spectrum and no scale factor is used. In this approach, a cloud analysis is done to find the best matching 20 records.
As an example, acceleration spectrums of 2/50, 10/50 and 50/50 earthquakes for far field firm soil conditions are demonstrated in Figure 14 . 
NUMERICAL ANALYSES
Two columns namely S30_16 and S40_20 are studied here to define the top displacement demands. Properties of S40_20 column are accessible in Chapter 3. The column of S30_16 has a cross section of 300×300 mm with 1.8% longitudinal reinforcement ratio. The parameters of the material behavior models are as follows: For unconfined concrete compressive strength is 47.7 MPa, strains at the peak stress and the crushing are 0.002 and 0.004, respectively. Confined concrete compressive strength is 55.8 MPa, strains at the peak stress and the crushing are 0.0038 and 0.008, respectively. For steel, the yield stress is f y =506 MPa, the maximum stress is f u =616 MPa, the hardening and the ultimate strains are ε sh =0.0126 and ε u =0.27, respectively.
Lumped The third column is an outer column of the benchmark structure, 2×2 bay, used in the Safecladding Project. The column has a cross section of 600×600 mm with 12 longitudinal reinforcement of 25mm diameter. The concrete is C30 and the steel is S420. The free height of the column is 7.2m and it carries a lumped weight of 285kN on top. The analyses have been conducted in OpenSees v2.4 [16] in an in-house developed software that control the OpenSees batch analyses also performs the post-processing. A constant damping of 5% is assigned during the dynamic time history analysis. The achieved ultimate top displacements for numerous acceleration records are presented in Figure 17 . The selection has been made once again by using the cloud approach where a scale factor of 1.0 is used for all records, also considering the 12 bins explained above, and the bestmatching 20 records are selected without considering any other filter. The results suggest that the coefficient-of-variation, a parameter that represents the scatter of the results, is 13% in the scaled records and 22% when the cloud analysis is used for the selection of the records. This justifies the efforts made for selecting the records by using the criteria mentioned above and using scale factors to multiply the ordinates of the records.
CONCLUSIONS
A study is presented in an effort on the response of columns in single story precast structures in seismic areas. Based on the partial results of the experimental and analytical works, the following conclusions can be drawn for the time being:
 The assessment of the test results indicated that the application of smooth or roughened column-socket foundation connection detail doesn't have negative effects on the overall behavior.
 The displacement protocol proposed to represent the near-fault effects of earthquakes have been applied to two of the tests .The observed behavior, especially the back bone curves, were almost similar irrespective to the shape of the cycles applied.  Almost all the envelopes of the lateral load-displacement hysteresis obtained from tests were close to the capacity curves or backbone curves determined through not only by pushover but by nonlinear static analysis for constant axial load as well.
 After having bilinearized the backbone P- curves of tested specimens realistic displacement ductilities and initial stiffnesses have been achieved. It is interesting to note that the lateral load reduction factors obtained are generally above the corresponding values specified by present Turkish Earthquake Code. On the other hand the top displacements estimated through nonlinear time history analyses based on nearly code compatible real earthquake records are generally bigger than the same code limits. Therefore static considerations to limit the top displacements are not coinciding with displacement demands obtained through nonlinear time history analyses. Additional provisions are needed. The design proposed by existing code should be revised accordingly. During this process, it would be important to notice that attained equivalent damping ratio for undamaged condition is smaller than 5%. In addition to this it can be concluded that the cracked to virgin flexural stiffness ratio is observed as almost double of the code suggested value.
 The second approach about acceleration selection namely partially compatible records case are efficient on the selection of most proper real earthquakes among the reliable and available data, being on the safe side for nonlinear time history analyses. It should be noted that the scale factors are only 0.80 and 1.87 which means that their influence on the energy content is almost negligible.
 It was employed a large database of recorded and processed motions, the PEER NGA database, where more than 7000 records are available. The software developed in-house for the Safecladding Project is used to select, filter and scale the records in 12 different bins depending on the earthquake intensity, soil type and the near-or far-field conditions. The results suggest that the selection can be made by constraining the scale factors between 0.8 and 2.0 for all cases, something that is required if one does not wish to alter the energy and cycle content of the natural record during the linear scaling process.
